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Abstract
Leptospirosis becomes health problem in Indonesia. Until April 2014, leptospirosis cases transmitted by rats were reported in Boyolali with case fatality rate
(CFR) by 83.3%. Leptospira genus consists of various serovars and genetic types living in different environment. Leptospira species classification based on
rpoB gene could be used as this gene has high polymorphism level. This study aimed to identify Leptospira serovars in rat population using kinship analysis
based on rpoB gene polymorphism, and describe spatial distribution of rats with Leptospira positive in Boyolali District. A cross-sectional study was conduct-
ed on April 2014 at Sindon Village in Ngemplak Subdistrict and Jeron Village in Nogosari Subdistrict, Boyolali District. Polymerase Chain Reaction test was
performed on 104 rat kidney samples from two locations of study. Spatial analysis was conducted to map distribution of rats with Leptospira positive. There
were six positive rpoB gene samples in Rattus tanezumi, Rattus argentiventer and Suncus murinus. Five of six positive samples showed the closest genetic
kinship to Leptospira borgpetersenii serovar Sejroe based on rpoB gene. One isolate did not have a close genetic kinship to any serovar included in the clus-
ter. Spatial analysis based on home range buffer zone showed rats with Leptospira positive were found in 30 meter and 150 meter from leptospirosis patients.
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Abstrak
Leptospirosis merupakan masalah kesehatan di Indonesia. Hingga April 2014, dilaporkan kasus leptospirosis yang ditularkan oleh tikus di Kabupaten Boyolali
dengan angka kematian 83,3%. Genus Leptospira terdiri dari ratusan serovar dan tipe genetik yang hidup di pelbagai jenis habitat. Pengelompokan spesies
Leptospira berdasarkan gen rpoB dapat digunakan karena tingkat polimorfisme gen tinggi. Penelitian ini bertujuan untuk mengidentifikasi serovar bakteri
Leptospira pada populasi tikus di Kabupaten Boyolali menggunakan analisis hubungan kekerabatan didasarkan pada polimorfisme gen rpoB dan menggam-
barkan distribusi spasial tikus positif Leptospira di Kabupaten Boyolali. Penelitian potong lintang dilaksanakan pada April 2014 di Desa Sindon Kecamatan
Ngemplak dan Desa Jeron Kecamatan Nogosari, Kabupaten Boyolali. Pemeriksaan Polymerase Chain Reaction dilakukan pada 104 sampel ginjal tikus dari
dua lokasi penelitian. Analisis spasial sederhana dilakukan untuk memetakan sebaran tikus yang positif Leptospira. Terdapat enam sampel positif gen rpoB
Leptospira pada Rattus tanezumi, Rattus argentiventer dan Suncus murinus. Lima dari keenam sampel menunjukkan hubungan kekerabatan yang paling
dekat dengan Leptospira borgpetersenii serovar Sejroe berdasarkan gen rpoB. Satu isolat tidak memiliki hubungan kekerabatan yang dekat dengan serovar
manapun yang masuk dalam cluster. Analisis spasial berdasarkan jarak aktivitas harian tikus menunjukkan tikus positif Leptospira ditemukan berada dalam
kisaran 30 meter dan 150 meter dari penderita leptospirosis.
Kata kunci: Leptospira, rpoB, spasial
Identification of Pathogenic Leptospira in Rat and
Shrew Populations Using rpoB Gene and Its Spatial
Distribution in Boyolali District
Identifikasi Leptospira Patogen pada Populasi Tikus dan Celurut
Menggunakan Gen rpoB dan Distribusi Spasialnya di Kabupaten Boyolali
Dyah Widiastuti*, Zumrotus Sholichah*, Agustiningsih**, Nastiti Wijayanti***
*Banjarnegara Research and Development of Zoonosis Control Unit, Banjarnegara, Indonesia, **Biomedical and
Basic Health Technology of Research and Development Center, Jakarta, Indonesia ***Faculty of Biology, Gadjah
Mada University, Yogyakarta, Indonesia




Leptospirosis in the recent decades appeared as out-
break or extraordinary incidence in several countries in
Asia, South and Central America, and the United States.
This condition has made the disease is included in new or
emerging infectious diseases.1 This disease as caused by
the bacterium Leptospira is still a public health problem
in some areas in Indonesia.
Leptospirosis outbreak in Indonesia occurred in
Jakarta in 2002, Sleman in 2008 and 2009, and the dis-
tricts of Bantul in 2010. Cases of leptospirosis in Boyolali
have been reported since 2012 involving two cases, and
in 2013 increased to four cases.2 From April 3 to March
2014, six cases of leptospirosis were reported and five of
them died. In 2012 and 2013, no cases of leptospirosis
deaths in Boyolali was found, but in 2014 there were
deaths due to leptospirosis reached 83.3%.3 It is neces-
sary to increase the management of leptospirosis cases,
especially for early detection, so that appropriate mea-
sures and prompt treatment can be performed to reduce
leptospirosis fatality and death.
Leptospirosis is spread through direct contact or in-
directly by pathogenic Leptospira bacteria. Rats are a
common source of infection throughout the world.4
Countries in Asia Pacific report that rats are detected car-
ry Leptospira in their body.5 Rats are animals that have
adapted to human life and living close to humans.
Leptospira excreted in the urine of rat in the long term
and can survive in the environment that would allow
them to act as transmitting Leptospira to humans and the
environment.6 Thus, checking up Leptospira in rats is
necessary. In addition, shrew is also known to transmit
the Leptospira bacteria into the environment through its
urine.6
The genus Leptospira is a group of organisms that
have tremendous diversity, consisting of hundreds of
serovar and genetic types that live in various types of en-
vironments or habitats. In this genus, there are patho-
genic serovar that highly select the host, and harmless
serovar that live freely in the aquatic water environment.
At first, this genus is only divided into two species, name-
ly: pathogenic (L. interrogans) and saprophytic (L. bi-
flexa). The second type is a normal biota that is often
found in the surface water.7
Leptospira is now grouped into 17 groups genomo-
species based on genetic similarity with various molecu-
lar methods.8 Based on this categorization, pathogenic
Leptospira species is divided into eight, namely L. inter-
rogans sensu stricto, L. weilii, L. borgpetersenii, L.
noguchii, L. santarosai, L. alexanderi, L. kirschnneri
(formerly known as L. alstoni) and L. genospecies.1 The
division of this species was based on phylogenetic analy-
sis of rrs gene (ribosomal RNA gene) that encodes the
16S rRNA gene. However, the ability to distinguish one
species and another species for gene rrs is relatively weak,
due to the absence of a high degree of polymorphism in
the gene, even at the level of complete gene grouping.5
Leptospira classification by genetic variation will add in-
formation to conduct epidemiological analysis.
Since the presence of multiple species in an environ-
ment is associated with a particular reservoir, RpoB gene
is known to be useful for classifying species of bacteria,
including group Spirocaeta. Leptospira is a genus be-
longing to groups Spirocaeta.6 The use of rpoB gene to
differentiate Leptospira species has also been developed
by La Scola.7
The use of Geographic Information System (GIS) is
presented in spatial to display and compare the distribu-
tion object layout relationship, to describe position or lo-
cation of disease spread and other health condition.9 GIS
method is very good for epidemiologic visualization and
GIS analysis can be used to describe the disease pattern
and the source of infection that is important in control-
ling and terminating the transmission chain correct-
ly.10,11 This study aimed to identify serovar Leptospira
that exist in the rat population in Boyolali by analyzing
the kinship based on gene polymorphism rpoB and de-
scribing the spatial distribution of rats with Leptospira
positive in Boyolali.
Method
The survey locations were chosen based on the latest
cases of leptospirosis found, that were distributed in
Ngemplak Subdistrict and Nogosari Subdistricts. Rat
trapping was conducted at the Sindon Village in
Ngemplak Subdistrict and Jeron Village in Nogosari
Subdistrict, Boyolali District in April 2014. A total of
385 single live trap purposively were installed in residen-
tial areas around the home of patients with leptospirosis
in both villages. During January-March 2014, leptospiro-
sis cases were found two adjascent subdistricts of
Boyolali District, namely Ngemplak Subdistrict and
Nogosari Subdistrict. Leptospirosis case data was secon-
dary data obtained from the local health office.
The single live traps were layed for two days inside
and outside the house. The caught mice and shrew were
identified by the Center for Research and Development
(Balai Litbang P2B2) in Banjarnegara by using identifi-
cation key.12 Then, mice and shrew’s kidney organ were
taken and further inserted into a tissue lysis buffer that
had been placed in a 1.5 ml microcentrifuge tubes.
Kidney samples were stored at a temperature of 4°C un-
til the examination process done. DNA isolation process
was done by using a Tissue Genomic DNA Mini Kit
reagent (Geneaid). The examination stages were con-
ducted in the working manner recommended by the kit.
The Polymerase Chain Reaction (PCR) process per-
formed on DNA samples obtained  using the following



















Taq Green Master Mix (Promega).7 The PCR stages are
as follows: predenaturation 94°C for 2 minutes, followed
with 40 cycles of amplification consisting of denaturation
at 94°C for 30 seconds, annealing at 55°C for 1 minute,
extension at 72°C for 1 min followed by a final extension
for 20 min at 72°C. Analysis of the PCR result was per-
formed by electrophoresis using a 1.5% agarose at 100
volts for 15 minutes. Specific DNA visualization was per-
formed using UV transiluminator. Sample was tested
positive when the electrophoresis results showed that the
DNA bands was in the position of 600 bp.
The PCR rpoB gene products were purified using the
Gel/PCR DNA Fragments Extraction Kit (Geneaid) ac-
cording to the protocol recommended by the kit, se-
quencing reaction using a primer used in the PCR
process. PCR product subsequently were sent to the se-
quencing service provider (first base) in Jakarta to deter-
mine the nucleotide sequences.
The phylogenetic tree is based on the partial rpoB
gene DNA sequences with the reference sequences based
on the neighbor-joining using MEGA6.13 Bootstrapping
program to measure the level of confidence conducted
using 1000 data sets. The data point location coordinates
of patients with leptospirosis and rats with Leptospira
positive were analyzed spatially using ArcView 3.3 soft-
ware to map the spread of leptospirosis patients and
Leptospira positive. Mapping the location of the rats
Leptospira positive were analyzed based daily rats cruis-
ing buffer (home range). Rats home range buffer were
grouped at a distance of 30 meter, 60 meter, 90 meter,
120 meter and 150 meter.14,15
Results
Rat trapping results in Jeron Village and Sindon
Village showed their pretty solid population. It is based
on the success trap numbers that were high in both vil-
lages by percentage 16.49% for Jeron Village and
10.75% for Sindon Village. The composition of rats and
shrew species found in both villages was shown in Figure
1.
Figure 1 showed that there were two species of rats
found in Sindon Village, namely Rattus tanezumi (R.
tanezumi) and Rattus norvegicus (R. norvegicus)and one
species of insectivore that was Suncus murinus. Three
species of rats that were R. tanezumi, R. norvegicus and
R. argentiventer and one species of insectivore that
Suncus murinus were found in Jeron Village. Rat species
in these two villages was dominated by R. tanezumi. A
total of 91 samples of rat kidneys consisting of 39 from
Sindon Village and 52 from Jeron Village were tested by
PCR to detect Leptospira DNA. Six of them showed pos-
itive results for the rpoB gene (Figure 2).
Six kidney samples that gave positive results of the
rpoB gene were obtained from three tanezumi rats (R.
Tanezumi), two ricefield rats (R. Argentiventer) and one
shrew (S. murinus). This showed that the rodents and in-
sectivores carried Leptospira in their bodies. More re-
sults were presented in Table 1. 
Figure 2. Amplification Product of the PCR Process with rpoB Gene
Lane 1: Culture of  L.interrogans serovar Bataviae
as a positive control
Lane 2: Sample No. 27
Lane 3: Sample No. 44
Lane 4: E.coli culture as a negative control
Figure 1.  Rat and Shrew Species Caught in Sindon Village (a) and Jeron Village (b),  Boyolali District






 EU747311 L borgpetersenii serovar Sejro
 JN388656 Leptospira sp. ADMAS 1003
 KC292643 Leptospira sp. DOB19 
 EU747303 L interrogans serovar Hardjo-prajitno
 HM046991 Leptospira sp. ADMAS 1256
 JN388642 Leptospira sp. ADMAS 2882
 JN388654 Leptospira sp. ADMAS 121 
 DQ296147 L interrogans serovar Pyrogenes
 EU747312 L interrogans serovar Djasiman 
 DQ296144 L interrogans serovar Australis
 DQ296146 L interrogans serovar Bataviae
 DQ296133 L interrogans serovar Icterohaemorrhagiae
 EU747317 L interrogans serovar Sentot
 44
 AB291211 L kmetyi serovar Malaysia 
 DQ296139 L kirschneri serovar Cynopteri 
 DQ296134 L borgpetersenii serovar Javanica
 JN3888638 Leptospira sp. ADMAS 3395
 KJ701733 L borgpetersenii serovar Javanica
 DQ296132 L weilii serovar Celledoni
 DQ296130 L genomosp. 1 serovar Pingchang
 DQ296131 L santarosai serovar Shermani 
 DQ296141 L noguchii serovar Panama 
 DQ296143 L meyeri serovar Ranarum
 DQ296138 L wolbachii serovar Codice
 DQ296136 L genomosp.5 serovar Saopaulo
































Phylogenetic tree based on partial nucleotide rpoB
gene sequence showed a breakdown constructed by boot-
strap test using neighboor-joining method in the MEGA6
program (Figure 3). Phylogenetic analysis showed that 5
strains of Leptospira found in the rat population in
Boyolali clustered with Leptospira borgpetersenii serovar
Sejroe. One sample showed was not clustered with the
sequence reference.
Buffer analysis results indicated that coordinates of
leptospirosis cases and rats with Leptopsira positive in
Sindon Village located in a distance of 150 meter. In
Jeron Village, there were coordinates point of mice with
Leptospira positive, within a distance of less than 30, 90
dan 150 meters from the location of leptospirosis cases.
Location of rats with Leptospira positive in Jeron Village
and Sindon Village gathered in a residential area. There
was only one detected rat with Leptospira positive in the
rice field found in Jeron Village.
Discussion
Rats trapping showed trap success index by 10.75%
in Sindon Village, and by 16.49% in Jeron Village. Rat
Table 1. Details of Rat Trapping Results and Leptospira Detection Based on the Detection of Leptospira rpoB Gene
Origin Spesies Number of Samples Number of Positive Positive Mice
Samples (%)
Jeron village R. tanezumi 31 2 3.8
R. norvegicus 006
R. argentiventer 9.111
S. murinus 14 2 3.8
Sindon village R. tanezumi 11 1 2.6
R. norveigicus 001
S. murinus 005
Figure 3. Leptospira Phylogenetic Tree - Phylogenetic Analysis Conducted by Neigbor-Joining Method Using
MEGA6 to 1000 Repetitions (Bootsraping), Boyolali Origin Leptospira was Marked with Blue















species in both villages was dominated by Rattus tanezu-
mi, reaching 63% in Sindon Village and 52% in Jeron
Village.
Detecting rpoB gene based on PCR showed that of six
Leptospira positive rats and shrew, three of them were R.
tanezumi species. This indicated that R. tanezumi is the
most abundant species giving positive results containing
pathogenic Leptospira. Leptospira infection in rats can
be influenced by spesies.16,17 Previous studies showed
the most abundant species found infected by Leptospira
were R. tanezumi and R. norvegicus.18-22 This showed
that R. tanezumi could serve as a source of Leptospira in-
fection and spread to humans and the environment.
Possibility of human exposed to Leptospira from R.
tanezumi is even higher because of close living habitat of
rats to human life. Applin et al,23 explained that was
commonly found in urban and rural areas.
L. borgpetersenii serovar Sejroe infection was report-
Figure 4. Buffer Home Range Mapping of Rats with Leptospira Positive with Leptospirosis Patients in
Sindon Village (a) and Jeron Village (b)
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ed detected in seven clinical blood serum specimens de-
rived from humans in New Caledonia.24 Sakamoto,25 re-
ported that a Japanese tourist was serovar infected after
a vacation in Bali. Desvars et al,26 stated that serovar
Sejroe was a major serovar causing abortion in cattle in
the Reunion Island. Chronic infection of Leptospira in
cattle can cause reproductive problems, such as abortion
and low fertility.27 In the study area, there were quite a
lot of farm animals, such as goats, sheep and cows. Based
on data from the Central Statistics Agency, there were
562 cows, 278 goats and 95 head of sheeps at Jeron
Village in 2014. Meanwhile, cattles in Sindon village con-
sisted of 159 cows, 175 goats and 194 sheeps.28-29
Cattles can be a source of infection for humans and the
environment.
Isolate number 44 was shown mostly different from
the other five isolates. Isolate number 44 also did not
have close kinship with any serovar. This indicated that
probably the isolate number 44 is a pathogenic
Leptospira serovar derived from different ancestors with
five other isolates. The point of location where the posi-
tive Leptospira rats found were mapped to determine ar-
eas with possible transmission. Spatial analysis was done
by using the buffer analysis of rats daily cruising. Spatial
distribution indicated that the position of positive
Leptospira rats either in Sindon or in Jeron were around
the latest leptospirosis cases in both villages.
In Jeron village, there is a positive shrew found in a
distance of less than 30 meter from leptospirosis cases.
Meanwhile, in Sindon Village, positive rat was found at
a distance of 150 meter from leptospirosis case. The lo-
cation of leptospirosis cases in these two villages were
within the range of daily activity area of positive rats, en-
abling acquiring leptospirosis from Leptospira-infected
rats. Priyambodo,14 mentioned that the average distance
of rats daily activity at a time when food abundant was
30 meter, and not more than 200 meter. Villafane et al,15
reported that the average longest distance taken by
Rattus norveigicus was 33.7 meter.
Rat trapping in this study were performed three and
four weeks after the death cases of leptospirosis.
Although it cannot be concluded that the source of in-
fection leptospirosis cases who died were from the posi-
tive rats found in this study, the discovery of the positive
rats remains a concern because it can serve as a source of
transmission. Leptospira in environmental viability de-
pends on pH, temperature and the presence of pollu-
tants. Leptospira is sensitive to acids and can live in fresh
water for approximately one month. In the sea water,
sewage and undiluted urine,  the bacteria will quickly
die. Leptospira can live for three weeks in the flooded
land.30 It also suggests that Leptospira was still in the
neighborhood and can be a source of infection given the
Leptospira to be excreted into urine of mice for a long
time, and Leptospira is able to live in a suitable environ-
ment for months.
The PCR method can be performed at various loca-
tions bacteria genome Leptospira, so making this method
becomes a reliable method. Delay in leptospirosis diag-
nosis can cause severity that likely to result in death.
Conventional methods, such as culture or Microscopic
Agglutination Test (MAT), require live cultures of bacte-
ria Leptospira with high bio-hazard level. Another ad-
vantage of the PCR method is its ability to detect
Leptospira bacteria from samples. Joshi et al,31 explained
that the PCR method has high accuracy, because of DNA
amplification is done specifically, so that the samples con-
taining only small amounts of DNA can still be detected.
Besides, the PCR requires a relatively short time.
Rapid diagnosis of leptospirosis is very important in
the handling this disease. Delay in diagnosis can lead to
various complications, such as inflammation of the pan-
creas, brain hemorrhage, pulmonary hemorrhage, and
others that require intensive therapy.
Conclusion
From rats and shrew samples examined, six samples
were rpoB gene positive from R. tanezumi, R. argen-
tiventer and S. murinus species. Five of the six positive
samples showed the closest kinship to L. borgpetersenii
serovar Sejroe. One isolate does not have a close kinship
to any serovar included in the cluster. Rats with
Leptospira positive are found within the home range (30
meter and 150 meter). Location of rats with positive
Leptospira was accumulated around the leptospirosis pa-
tients.
Recommendation
People in location of study should increase awareness
towards transmission of leptospirosis disease because in
their environment, rats with pathogenic Leptospira posi-
tive are already found. For further studies, detection of
Leptospira in environment (water and land) or other re-
servior in Boyolali District can be performed.
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